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INTRODUCTION
The development and implementation of a new economic electrical equipment, in particular, energy-efficient distribution transformers -is a very essential step to reduce electricity losses in 0,4-35 kV distribution networks.
In a market economy the funds invested into the sector of energetics provide maximum profit to the joint stock company only in the case of the production profitability. In such a situation it is possible to achieve optimal material and energy costs on the transformation of power only under the condition of taking into account such factors as load charts of electricity consumption, the cost of the electrical power losses and maintenance of transformers in the process of exploitation, etc.
Existing until today practice of transformers design ignores the actual characteristics of individual customers load charts that results in inefficient use of power transformers capacities during their operation.
Only recently some companies which manufacture transformers have begun to adhere to the principle of customization, which takes into account the requirements of a particular user (Kravchenko, 2013) [5] .
Today's situation with the irrational utilization (mostly under-utilization) of transformer capacity can be explained by "operational" (e.g, industrial facilities like power consumers are in a stage of stagnation, etc.) and "design" (the wrong accounting of nominal load losses time of the transformer that was laid down in the design process) reasons.
For the rational utilization of transformers which are already in operation, if the actual loads do not match with the project ones (real load is generally less) it is necessary to replace the operating transformer on the lower power transformer without changing the cooling system.
Proper tracking of nominal load losses time at the transformer design stage will allow to increase the efficiency of its operation. Neglect of real operating conditions of customers at the design stage leads to damage associated either with overspending of investment (if the load is lesser than project one), or to the additional costs of electricity losses (if the load is more than the project one).
According to [1, 7, 11] , it is possible to determine the number of shifts on the enterprise using the annual consumers operation number of hours with maximum load and annual energy consumption. The exploitation time interval of the transformer with a rated capacity is equal to 1800 ... 2500 (load factor F l = (0.2 ... 0.3) for one-shift work, for two-shift work  3500 ... 4500 (F l = 0.4 ... 0.5), for three-shift work  5000 ... 7000 (F l = 0.55 ... 0.8). The modern series of distribution transformers of 1 and 2 dimensions is designed for average operational loads, typical for two-shift production schedule [10] .
The main characteristics that define the technical and economic level of power transformers are power losses (of no-load operation and short-circuit). Levels of these losses, their relationship, characterize the operation mode of electric consumers.
One possible way of rational utilization of distribution transformers [7, 12] is the development of a series of transformers with different ratios of the no-load operation and short-circuits losses values. However, this path leads to the creation of an excessively large number of distribution transformers modifications.
In [6, 8] it was noted that for a small-time operation of a distribution transformer with a rated load it is necessary to use the transformer with a lesser capacity in order to save material and energy resources, providing for intensification of cooling in case of the transformer operation on a heavier load.
Computational studies has shown that for increasing the effect of the implementation in practice this type of distribution transformers it would be useful to introduce the intermediate sizes (power) transformers in modern domestic standard power ratings. This will create a series of distribution transformers with a scale pitch equal to 1.25 of the scale capacity used in the standard international practice [12] . Aligning national standards in line with the Harmonization Documents  HD which are the basis for the EN  European standard, which is required for a single European settlement of the issues of transformer is the actual task [13] .
MATERIALS AND METHODS
In the framework of this article computational studies to determine the effectiveness of the use of the transformer, depending on the characteristics of the technological mode (shift) of the electroconsumer work were conducted, necessary measures were determined for the rehabilitation of existing cooling systems through the use of additional oil coolers.
The criterion of discounted expenses was adopted at the design studies to assess the effectiveness of the technical solutions. These are the expenses on construction and exploitation of the transformer, considering the inflation processes in the economy, from the moment of determining the expenses for the whole period of operation [4, 9] .
where
 estimated discount factor for the period of operation until the end of the estimated period;
 the estimated cost of the transformer considering the inflation factor at the time of determination of expenses. In carrying out these studies economic such economic parameters were adopted: standard of discounting = 0,1; calculation duration period = 10 years; deflation rate at the 2014 year level = 30; the price of electricity = 1,80 UAH/(kW•year).
As an example, two distribution transformers with adjacent capacity (increments of the scale were equal to 1,25) which are used today in generally accepted international practice were considered. Transformer operation at the less power in the modes in which the currents flowing in the windings of the transformer are commensurate with transformer currents of greater power, is accompanied by a significant increase in current density in the windings and thus increasing the level of losses in the transformer approximately on 25-35%. [8] Increase in the level of total losses for the transformer of less capacity running with a load close to the nominal of the higher power transformer (adjacent on power scale) in turn leads to higher winding temperatures and consequently to the need in performing technical measures aimed at maintaining the thermal state of the transformer within rules laid down in [2, 3] .
The most appropriate way to intensify the cooling (forcing) is the connection of additional cooling devices to an existing cooling system. This is explained by the 36 © Yu. Baidak, V. Matukhno, V. Chaikovskiy, 2016 fact that the industry has mastered the production of radiators with any number of cooling tubes. With proper selection of the number of cooling pipes in the radiators it is always possible to achieve the required degree of cooling boost.
The cost of the transformer is the sum of the values of the active part and the cost of the cooling system:
Additional financial expenses for intensification of cooling are determined according to the expression:
 losses levels (respectively idling and short circuit) of the transformer with a less magnitude capacity than the actual operating load, kW; In the market conditions the transformer cooling devices production cost from different manufacturers of transformer equipment may vary by 20-30%. In order not to become attached to the cost indexes of a specific producer maximum values of C охлмах cooling devices specific cost were determined, to compensate the increase in the transformer total losses (at the loads in magnitude of transformer higher nominal power).
The maximum values of additional cooling devices specific cost  i.e. the limit values at which the production and operation expenses of the less power transformers are the same with high power transformer without additional cooling devices. In high load conditions due to the use of additional cooling devices the lifetime of insulating materials remains unchanged.
The results of computational experiment for one pair of adjacent power transformers are given in Table 1 . , mm  323  323  323  323  323  323  323  333  D, mm  165  165  165  165  165  165  165  175  H, mm  520  520  520  520  520  520  520 
RESULTS AND DISCUSSION
1. To create energy-efficient transformers with optimum technical and economic parameters it is necessary at the design stage follow the principle of customization, which takes into account features of the schedule loads and requirements of specific electroconsumer for which they are being developed.
2. Standard or specific graphs of loads should be the basis for determining the optimal technical and economic parameters of transformers. Neglect in the design of the actual operating mode (load curve) of electroconsumer leads to inefficient use of transformer capacity.
3. The underutilization of transformer capacity by load loss requires the use of lower power transformers in comparison with the actual load and the use of intensification (boost) when the transformer cooling modes with power consumption higher than the nominal value.
4. The series of transformers produced today with a sufficiently large pitch (about 1.6) on a scale rated power does not allow the use of a transformer at rated power (of the two adjacent row on the normalized power) at the actual load of power consumer for (25-30)% less than the nominal capacity of the higher power transformer.
5. It is proposed the approach to the original design and the use of transformers with reduced power (on the normalized row) compared with the actual load and the more intensive use of the cooling system during operation of the transformer in nominal mode corresponding to the nearest greater capacity on the normalized row, and in an overload mode .
6. To increase the effect of the introduction into practice this activity it is expedient to introduce the intermediate sizes of (power) transformers into the modern national standard of power ratings with 1.25increment. This will allow to introduce the power scale, applied currently abroad.
